ABSTRACT
INTRODUCTION
In recent years, universities across the world have demonstrated an unprecedented level of enthusiasm for their electronic presence by hosting web portals. Web portals are being considered as effective means to reach out to the students by providing user-friendly interfaces. Students also find it convenient to search and access online study materials through web portals. However, the design of web portal is crucial, for making it accessible to different categories of students irrespective of their background and disabilities. The Guidelines proposed by the W3C such as WCAG 2.0, UAAG 2.0, and ATAG 2.0 are being insisted upon to make web portals more accessible.
Since the beginning of web accessibility initiatives in 1997, the researchers have carried out studies to evaluate the accessibility of web portals and user agents. Abdulmohsen Abanumy et al. [1] evaluated the accessibility of government web portals of Saudi Arabia and Oman using WCAG 1.0 guideline. Irina Ceaparu and Ben Shneiderman [2] analyzed the home pages of fifty US State Web sites. J. M. Kuzma et al. [3] examined the accessibility of government web portals of different countries in European Union, Asia, and Africa with respect to the guidelines of WCAG 1.0using TAW as software tool. Similarly, Mustafa Al-Radaideh et al. [4] have evaluated 25 government websites of Jordan using TAW with respect to WCAG 1.0 guideline. Malaysian researchers [5] have used WCAG 1.0 priority 1 and Bobby as an automatic analysis tool to evaluate 9 websites. They have provided only the number of errors of different portals instead of computing the percentage of errors. Thus, it doesn't give an exact picture of the overall error percentage which can be used as a comparative measure among different web portals. Maslina Abdul Aziz et al. [6] have evaluated the usability and accessibility of 120 Malaysian educational websites based on WCAG 1.0. Jeff Carter and Mike Markel [7] have classified disable people into four categories and demonstrate the tools made for them, by different companies. Faouzi Kamoun et al. [8] have made a comparative analysis of web sites of Dubai using both WCAG 1.0 and WCAG 2.0. Manas Ranjan Patra et al. [9] have evaluated the accessibility features of fifteen Indian web portals, both manually and using online tools, with respect to WCAG 2.0 Guideline. They have extended their work by analyzing the accessibility of fifteen government web portals of other Asian countries in [10] . In that work, the accessibility of four embedded media players have also been analyzed using UAAG 2.0. Rita Ismailova and Yavuz Inal [11] have analyzed the accessibility of government websites of four countries viz., Kyrgyzstan, Azerbaijan, Kazakhstan and Turkey. Ibtehal S Baazejem and Hend S. Al-Khalifa [12] have looked into 23 accessibility evaluation studies, and have analyzed the methodologies and tools used during the last five years for analyzing the accessibility of web components.
Abid Ismail and K.S. Kuppusamy [13] have evaluated the accessibility of only the homepages of 302 Indian universities using Achecker on the basis of WCAG 2.0. Tahani Alahmadi and Drew Steve [14] have evaluated the accessibility of websites of top 60 international universities over the period 2005 to 2015. Aidi Ahmi and Rosli Mohamad [15] have evaluated the accessibility of 20 Malaysian university websites based on WCAG 2.0 and Section 508 by using Achecker and WAVE. Hayafa Y. Abuaddous et al. [16] have evaluated the increase in accessibility of 20 public educational universities of Malaysia, from 2012 to 2013. Shaun K. Kane et al. [17] have evaluated the accessibility of homepages of 100 top international universities based on WCAG 1.0. Till 2004, in most research works the researchers have looked into the accessibility of web components. Then in 2005, Wendy A. Chisholm and Shawn Lawton Henry [18] have classified the web accessibility guideline into three categories WCAG (web component accessibility guideline), ATAG (Authoring Tool Accessibility Guideline), UAAG (User Agent Accessibility Guideline).
They also describe how these three guidelines can control three different aspects of a web portal. Thereafter, researchers have focused on the accessibility features of user agents and authoring tools. Boukari Souley and Amina S. Sambo [19] have analyzed the web browsers namely, Mozilla Firefox, Internet Explorer, Netscape and Opera based on their performance, usability, accessibility and security features. Manas Ranjan Patra and Amar Ranjan Dash [20] have evaluated accessibility of 10 web browsers of Personal Computers based on UAAG 2.0. They have further evaluates the accessibility the accessibility of web browsers of android mobiles in [21] . Jalal Mahmud et al. [22] have designed a context driven non-visual web browser 'CSurf'. Yevgen Borodin et al., [23] have designed 'HearSay', a non-visual web browser with cognitive directed browsing and extensible Voice XML dialog.
The rest of the paper is structured as follows: in section 2, we briefly present the background of web accessibility and the international guidelines. In section 3, we present our methodology for evaluation, and the tools used for accessibility evaluation of web components. In section 4, we evaluate the web portals of some leading academic institutions in India with respect to the International guidelines. In section 5, we analyze the result of our evaluation. Finally, we recommend incorporation of certain features to make the educational web portals more accessible.
WEB ACCESSIBILITY
Today web portals are major sources of educational information for varieties of students. Thus, it is necessary that, those should be accessible to each and every student, irrespective of age, level of literacy or any physical disabilities. Accessibility of web portals refers to the degree to which it is available to as many students as possible. In order to achieve this, the World Wide Web Consortium (W3C) has launched Web Accessibility Initiative (WAI) in April 1997. The Web Accessibility Initiatives consist of several working groups (Authoring Tool Accessibility Guidelines Working Group [24] , User Agent Accessibility Guidelines Working Group [25] , Web Content Accessibility Guidelines Working Group [26] , etc.) each with their specific focus. The working groups have introduced three standardizations to ensure accessibility of web portals at three levels. A schematic representation of the guidelines included in WCAG 2.0, ATAG 2.0, and UAAG 2.0 is presented in Figure 1 . Web Component Accessibility Guideline [27] has been recommended by the WCAG working group to verify accessibility of web contents. WCAG is an international standard for maintaining and verifying accessibility of the contents of a web portal. The first version of WCAG came out in the form of WCAG 1.0 on 5th May 1999. Subsequently, by adding new features (guidelines needed to be technology-neutral and guidelines needed to be worded as testable) a new version, WCAG 2.0 was recommended by W3C on 11 December 2008. Now, WCAG has been approved by ISO as an international standard (ISO/IEC40500:2012) on October 2012. WCAG 2.0 recommends twelve guidelines based on four basic principles, viz., perceivable, operable, understandable, and robust. A comparative study of WCAG 1.0 and WCAG 2.0 has been done by [28] . Full fledge representation of the WCAG 2.0 guidelines are represented in Figure 2 . Authoring Tool Accessibility Guideline [29] has been recommended by the ATAG working group to ensure accessibility of authoring tools. ATAG is an international standard for maintaining and verifying accessibility of authoring tools. The first version of ATAG came out in the form of ATAG 1.0 on 3rd February 2000 and later by adding extra features and removing some of the limitations, a new version of ATAG, ATAG 2.0, was recommended by W3C on 24th September 2015.
User Agent Accessibility Guideline [30] has been recommended by the UAAG working group to verify accessibility of user agents and assistive technologies. UAAG is an international standard for maintaining and verifying accessibility of different user agents (like web browsers, media players) and assistive technologies (like text to speech synthesizer). The first version of UAAG came out in the form of UAAG 1.0 on 17th December 2002 and later by adding extra features and removing some of the limitations a new version is underway. The last working draft of UAAG (UAAG 2.0) was published by W3C on 15TH December 2015 which has 26 guidelines based on five principles, namely, perceivable, operable, understandable, programmatic access, specifications and conventions.
Accessibility of web portals can be controlled and improved in three ways, namely, by following ATAG for the authoring tools during creation of web portals, by controlling the contents of the web using WCAG and by controlling the features of user agent (Web browser and embedded media-player) using UAAG. In the present study we focus on the second aspect, namely, accessibility analysis of components of web portals with respect to WCAG 2.0 recommendations.
METHODOLOGY
We have considered three different categories of educational websites for our accessibility study by considering a total of thirty educational websites, ten from each category. The features of each of these websites are meticulously studied for compliance where the testing parameters are based on WCAG 2.0 guidelines. The accessibility parameters are checked both manually and by using certain tools as described below. In Figure 3 , we represent the overall methodology adopted by us for evaluation of websites. Table 1 shows some of the tools used in the measurement of different accessibility parameters of the websites. For checking the colour contrast of links we used "Check my colour". For checking the colour contrast of text and images of text we used two tools. In order to obtain the hexadecimal colour code we used "Colour Scheme studio" and then the colour contrast was checked with the help of the online tool "Colour Contrast Check". Different web browsers like Aurora, Comodo Dragon, and Google Chrome were used for accessing the web sites. We also used the "AChecker" tool for checking some of the parameters as per the WCAG 2.0 Guidelines. 
EVALUATION
This research is intended to provide an accessibility evaluation of 30 Indian educational websites based on WCAG 2.0. For our analysis we have considered 30 educational websites (10 websites each from different IIT, NIT, Central Universities), mentioned in the table. The data taken for our analysis is gathered during the period 10th Sep 2016 to 10th Dec 2016. In order to measure all the dictum of WCAG 2.0 for different components of web portals, first we have checked all the elements and features provided by the web portals and then evaluated the web portals by browsing those using different browsers and platforms. We have documented our findings in a tabular form by indicating the percentage of violations made by web portals against each guideline of WCAG 2.0. "0%" indicates that the web portal does not violate the corresponding guidelines at all whereas "-" indicates that the web components which deal with those guidelines are not present in the web portal. Based on this, the average error percentage is calculated. Figure 4 describes the average percentage violation per rule according to the WCAG 2.0 Guideline.
According to Perceivable principle of WCAG, a web portal should be able to make its component available to human senses. While analyzing the perceivable features of the educational websites, we tested the following component of web portals: "multimedia components", "alternative text for image and videos", "clarity of text based on size and colour", "representation of text through different table and list". During analysis of guidelines under perceivable principle, we found that the guideline which is mostly violated by educational websites is guideline 1.3 (Adaptable) with 45.83% violation. Violations with respect to guideline 1.1 (Text Alternative), guideline 1.2 (Time Based Media), and guideline 1.4 (Distinguishable) were found to be 38.93%, 38.10%, and 20.38% respectively. Although the percentage is less but this rule is violated by approximately all websites, so we provide a detail graphical analysis in Figure 5 . It is observed that the top 3 violated sub rules are guideline 1.4.8 (Visual Presentation) with 50.00% violation, 1.4.6 (Enhanced contrast) with 47.45% violation, and guideline 1.4.1 (Use of Colour) with 32.71% violation. According to Operable principle of WCAG, web portals should be able to make their components easily operable by users. While analyzing the operable features of the educational websites, we tested the following components of web portals: "different type of navigation between Components", "Presence of flash, and its features", "keyboard accessibility of components". During analysis of guidelines under operable principle, we found that the guideline which is mostly violated by educational websites is guideline 2.3 (Seizures) with 45.00% violation. But, for guideline 2.1 (Keyboard Accessible), guideline 2.2 (Enough Time), and guideline 2.4 (Navigable) the violation percentages are 40.00%, 6.67%, and 24.50% respectively. Although the percentage is less but this rule is violated by approximately all websites, so we provide a detail graphical analysis in Figure 6 . Here we find that the top 3 violated sub rules for navigability are guideline 2.4.8 (Location) with 49.22% violation, guideline 2.4.5 (Multiple ways) with 38.33% violation, and guideline 2.4.7 (Focus Visible) with 38.00% violation. According to Understandable principle of WCAG, web browser should be able to make its contents, interface, documentation, and websites component easily understood by users. While analyzing the understandable features of the educational websites, we tested the following components of web portals: "Predictability of components", "readability of text", "features of online forms". During analysis of guidelines under operable principle, we found that the guideline which is mostly violated by educational websites is guideline 3.3 (Input Assistance) with 52.20% violation. Educational websites indicate 29.44% and 20.00% violation in guideline 3.1 (Readable) and Guideline 3.2 (Predictable) respectively. According to our analysis, the Indian Educational Websites have 10.00% violation in accordance to Guideline 4 (Robust). Figure 8 provides analysis of the accessibility violation done by websites of each category with respect to the four principle of WCAG 2.0. Based on this data, we have calculated the percentage of accessibility violation done by web portals of selected categories with respect to different principles. Figure 9 provides a comparative view of guideline violations by the three selected categories of websites with respect to the criteria - In case of the Operable Principle most violation is found in Central University websites (37.85%) and least violation is found in IIT Websites (30.58%). According to the keyboard accessibility criteria, Central University, NIT, and IIT websites show 45.00%, 40.00%, and 35.00% violations respectively. According to the "location" criteria, IIT websites (64.00%) and Central University websites (51.66%) show more violation than NIT websites (32.00%). In case of "multiple ways" guidelines IIT websites show 45% violation, whereas both NIT and Central University show 35%. According to this criterion a website should contain any two of "A list of related pages", "Table of contents", "Site map", "Site search", and "List of all available Web Pages".
RESULT ANALYSIS
The "Understandability" criterion is mostly violated by Central University websites with 37.76% violation and least violated by NIT Websites with 30.20%. According to the "Input Assistance" criterion, Central University, NIT, and IIT websites indicate 65.31%, 45.71% and 44.29% violations respectively. From our analysis we found that the online forms available in the IIT Delhi website is much more accessible compared to other educational websites. As per the Robustness guidelines most violation is found in NIT websites (60%) and least violation is found in Central University Websites (10%). A detail analysis under each category is provided in Figure  10 .
WCAG 2.0 consists of four principles, twelve guidelines, and three conformance levels. According to Level-A Conformance, a web portal must satisfy a minimum set of requirements to make it accessible to normal people. According to Level-AA Conformance, a webpage should satisfy some additional features including those in Level-A to make it accessible to disable persons. Similarly, according to Level-AAA, a webpage should satisfy each guideline of WCAG (including all three priority levels) to make it harmlessly accessible to all. Figure 11 depicts the Accessibility violation of different web portals with respect to different conformance levels.
RECOMMENDATIONS
Based on our study the following recommendations are made with respect to the design of web portals:
• Text alternatives should be provided for all non-text web contents, • Headers to be included for each page, section, and table,
• There should be provision for controlling colour contrast and support for all keyboard functionalities, and • All the forms must be well structured and interactive in nature.
CONCLUSION
With the growing number of web portals worldwide, accessibility issues have emerged as a serious concern for web designers. In this paper, we have evaluated the accessibility of three major categories of Indian educational web portals and their compliance with respect to the WCAG 2.0 guidelines. It is observed that most of the websites do not conform to all the criteria as laid down by the guidelines in order that they are accessible to all. In particular, the average accessibility violations by the selected web browsers range from 11.44% (IIT Delhi) to 41.17% (Central University, Haryana). We believe that the quantitative results of our evaluation can help web designers of educational institutes to incorporate the required features according to the WCAG 2.0 guidelines in order to make web portals more pragmatic and accessible to various user categories.
